Notes
Hyperglycaemia has an important role in the pathogenesis of diabetic complications by increasing protein glycation and the gradual build-up of advanced glycation end products (AGEs) in body tissues.
1) The formation of AGEs progressively increases with normal aging, even in the absence of disease. However, they are formed at accelerated rates in diabetes.
2) AGEs are not only markers but also important causative factors for the pathogenesis of diabetes, 1) cataracts, 3) atherosclerosis, 4) diabetic nephropathy, 5) and neurodegenerative diseases, including Alzheimer's disease. 6 ) Thus, the design and discovery of inhibitors of AGEs formation can offer a promising therapeutic approach for the prevention of diabetic or other pathogenic complications. Aminoguanidine, a hydrazine-like small molecule, is the first AGEs inhibitor explored in clinical trials. However, the drug was not ultimately approved for commercial production because side effects were observed in phase III clinical trials in patients with diabetes. 7) In our ongoing project directed toward the discovery of preventive agents for diabetic complications from the herbal medicines, 8) the roots of Actinidia arguta were chosen for more detailed investigation, since its EtOAc-soluble extract showed a significant in vitro inhibitory effect on the formation of AGEs. Actinidia arguta PLANCHON (Actinidiaceae) is a smooth-skinned grape-sized kiwifruit native to northern China, Korea, Siberia, and Japan. 9) This species has a long history of human consumption, and have been used in traditional Chinese medicine to improve general health. 10) Previous phytochemical investigations on A. arguta have resulted in the isolation of flavonoids, 11) phenolic compounds, 12) triterpenes, 13) and lignans. 13) In the present study, repeated chromatography of the EtOAc-soluble extract of the roots of A. arguta, led to the purification of two new flavan-3-ols (1, 2) as well as five known compounds which were subjected to an in vitro bioassay to evaluate their inhibitory activities on the formation of AGEs. The structure elucidation of 1 and 2 and the biological evaluation of the isolates are described herein.
Compound 1 was obtained as a 5 : 3 mixture of two diastereomers and produced a molecular ion [MϪH] ϩ at m/z C-NMR spectra of the major isomer of 1 (Table 1) were very similar to those of (Ϫ)-epicatechin (3), except for the disappearance of a 1 H-signal due to one of the ring A protons and the appearance of a methine (C-1Љ), two methylenes (C-2Љ, C-3Љ), and an amide signals (C-4Љ). The 1 H-1 H correlative spectroscopy (COSY) correlation of these methine and methylenes revealed the presence of a partial structure of -CH 2 -CH 2 -CH-. The methine was shown to be attached to a nitrogen atom, based on the 1 H-and 13 C-NMR chemical shift (d H 5.38, d C 50.89), suggesting that 1 may be an epicatechin derivative possessing a 2-pyrrolidinone-5-yl group at the 6-or 8-position. The chemical shifts of the 2-pyrrolidinone-5-yl group in 1 were consistent with those of davalliosides, flavan-3-ols with pyrrolidin-2-one from Davallia mariesii, 14) and dracocephins, flavanones with pyrrolidin-2-one from Dracocephalum rupestre, 15) The 1 H-and 13 C-NMR spectra of 2 were closely resembled to those of 1, led us to consider that 2 may be also an epicatechin derivative possessing a 2-pyrrolidinone-5-yl group at the 6-or 8-position. The position of 2-pyrrolidinone-5-yl in 2 was determined to be C-8 by the analysis of the HMBC spectrum (Fig. 2) .
In the circular dichroism (CD) spectra, compounds 1 and 2 showed a negative Cotton effect at ca. 280 nm. Flavanols with a (2R)-configuration show a negative Cotton effect at 280 nm that is independent of the configuration at C-3. 16) In combination with the 2,3-cis configuration determined by 1 H-NMR (J 2,3 ϭ3.0 Hz, Table 1 ), it was demonstrated that 1 and 2 has a (2R,3R)-configuration. Therefore, the structure of the new compounds 1 and 2 were elucidated as 6-and 8-(2-pyrrolidinone-5-yl)-(Ϫ)-epicatechin, respectively. Nitrogencontaining flavonoids are very small class of natural products, which have been isolated only rarely from nature. The few examples comprise davalliosides A and B from Davallia mariesii, 14) dracosephins A-D from Dracocephalum rupestre, 15) prolinalins A and B from Bombyx mori, 17) aquiledine and isoaquiledine from Aquilegia ecalcarata, 18) ficine and isoficine from Ficus pantoniana, 19) and ethylpyrrolididinonyl theasinensin A from commercial black tea. 20) In a previous work, Kouno group 20) obtained 6-(N-ethyl-2-pyrrolidinone-5-yl)-epicatechin-3-O-gallate by condensation between epicatechin-3-O-gallate and 1-ethyl-5-hydroxy-2-pyrrolidinone, which was spontaneously produced from the Strecker aldehyde of theanine, in acidic aqueous solution. 5-Hydroxypyrrolidin-2-one has been isolated from several higher plants including Jatropha curcas 21) and Pteridium aquillinum. 22) Thus we suggest that compounds 1 and 2 may be produced by condensation between (Ϫ)-epicatechin and 5-hydroxypyrrolidin-2-one in an acidic condition.
The known compounds were identified as (Ϫ)-epicatechin (3), 23) (ϩ)-catechin (4), 23) proanthocyanidin B-4 (5), 24) (ϩ)-pinoresinol, 13) and p-hydroxybenzoic acid 25) by physical and spectroscopic data (mp, 1 H-, 13 C-NMR, and MS) measurement and by comparison with published values. This is the first report on the isolation of 5 from Actinidia arguta.
All isolates obtained in the present study were evaluated for their potential to inhibit the formation of AGEs (Table 2) . Among them, proanthocyanidin B-4 (5) and (ϩ)-catechin (4) exhibited the most potential inhibitory activity against AGEs formation, with IC 50 values of 5.8 (10.1 mM) and 4.0 mg/ml (13.6 mM), respectively. The new compounds (1, 2) and (Ϫ)-epicatechin (3) also showed a significant activity in the assay with IC 50 values of 36.0, 47.8, and 125.2 mM, respectively, better than the well known glycation inhibitor, aminoguanidine (IC 50 valueϭ961 mM), while (ϩ)-pinoresinol and p-hydroxybenzoic acid were not active in this experiment. This observation is well consistent with a recent report that some catechin and epicatechin derivatives and proanthocyanidin B-2 exert inhibitory activity against the formation of AGEs. 26) There is also a recent report that flavonoids including (ϩ)- 398 Vol. 57, No. 4 catechin inhibit the formation of the cross-linking AGEs pentosidine. 27) However the inhibitory activities of proanthocyanidin B-4 (5) toward the formation of AGEs have not been previously reported up to date.
In summary, we found that flavan-3-ols (1-4) and proanthocyanidin B-4 (5) are responsible for inhibitory effect of the roots of A. arguta on AGEs formation. These compounds seem to be worthy of additional biological tests to more fully evaluate their potential as therapeutic agents for diabetic complications and related diseases.
Experimental
General Melting points were measured on an IA9100 melting point apparatus (Barnstead International, U.S.A.) and were quoted uncorrected. Optical rotations were obtained using a P-2000 digital polarimeter (Jasco, Japan). IR spectra were recorded using a Jasco FTIR-4100 spectrophotometer (Japan). LR/HR-ESI-MS and LR/HR-FAB-MS were recorded on a Marina mass spectrometer (Prospective Biosystem, U.S.A.) and JMS-700 Mstation (JEOL, Japan), respectively. CD spectra were measured on a Jasco J-715 spectropolarimeter (Japan). NMR experiments were conducted on a DRX-300 or AVANCE 500 FT-NMR (Bruker, Germany), and the chemical shifts were referenced to the residual solvent signals. Extraction and Isolation The dried plant material (16 kg) was extracted with 36 l of EtOH three times by maceration. The extracts were combined and concentrated in vacuo at 40°C to give an EtOH extract (553 g). The EtOH extract (300 g) was suspended in H 2 O (2 l) and then partitioned with n-hexane (3ϫ2 l) to afford an n-hexane-soluble fraction (50.5 g) on drying. Next, the aqueous partition was partitioned again with EtOAc (3ϫ2 l) to give an EtOAc-soluble fraction (60.4 g) and an aqueous residue. The EtOAcsoluble fraction (50 g) was chromatographed over silica gel (f 6.5ϫ47 cm, 70-230 mesh) as the stationary phase using a CHCl 3 (1) Determination of the AGEs Formation According to well established method, 28) the reaction mixture, 10 mg/ml of bovine serum albumin (Sigma, St. Louis, MO, U.S.A.) in 50 mM phosphate buffer (pH 7.4) with 0.02% sodium azide to prevent bacterial growth was added to 0.2 M fructose and glucose. The reaction mixture was then mixed with compounds or aminoguanidine (Sigma, St. Louis, MO, U.S.A.). After incubating at 37°C for 14 d, the fluorescent reaction products were assayed on a spectrofluorometric detector (BIO-TEK, Synergy HT, U.S.A.; Ex: 350, Em: 450 nm). AGEs assay was performed in quadruplicate. The concentration of each test sample giving 50% inhibition of the activities (IC 50 ) was estimated from the least-squares regression line of the logarithmic concentration plotted against the remaining activity. 
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a) The concentration required for a compound required for a 50% inhibition (IC 50 ) of AGEs formation. IC 50 values were calculated from the dose inhibition curve. Inhibitory effect was expressed as mean of triplicate experiments. (ϩ)-Pinoresinol and phydroxybenzoic acid were not active in this assay system. b) Aminoguanidine (AG) was used as a positive control.
